We treated 98 consecutive patients with Perthes' disease by a unilateral brace in external rotation, flexion and abduction and a further consecutive 110 by a bilateral cast with the hips in internal rotation and abduction.
concept. Various methods of containment have been suggested, including bilateral bracing and the use of a unilateral orthosis. The effect of these treatments on the opposite hip has not been studied in detail. We have assessed this in two centres, one of which used unilateral orthoses and the other bilateral containment.
PATIENTS AND METHODS
The Shiga Medical Centre for Children and Kobe City General Hospital are near each other in west central Japan.
We have reviewed children with Perthes' disease from these hospitals and assessed their radiographs over a period of at least two years. Medical Centre for Children, Shiga (MCCS). Between 1980 and 1991, 118 patients with Perthes' disease were treated (Table I) ; six were in the healed phase when they were initially seen, two of them with established bilateral changes.
Twelve patients, two with bilateral disease, were observed without treatment because they were under five years old at the time of onset and had good ranges of movement. Of the remaining 100 patients, one was treated using a Scottish Rite abduction brace and one by a Petrie abduction cast because they had bilateral disease on initial examination. The remaining 98 consecutive patients were treated in a weight-bearing externally-rotated flexion abduction brace as originated by Imhäuser 10 and developed by Kasahara. 11 It is known as the 'SPOC' brace in Japan. It holds the hip in about 30° of abduction, 30° of flexion and external rotation ( Fig. 1 ) and aims to give good containment with a low intra-articular pressure, without disrupting active daily life. The parents are asked to exercise the affected hip each day to prevent joint contracture. The contralateral hips remained free but were carefully observed for development of the Perthes' changes. Kobe City General Hospital (KCGH). Between 1971 and 1991, 125 patients with Perthes' disease were treated at Kobe City General Hospital (Table I) . Of these, five were treated by the Scottish Rite abduction brace, four were over nine years of age and required surgical intervention because the initial radiographs showed severe involvement, three (one with bilateral disease) were in the healed phase of the disease when first examined and three were less than five years old at the time of onset and were merely observed carefully. The remaining 110 patients (five with bilateral disease) were treated by a modification of the Petrie abduction cast developed by Tamura. 2, 12 This has two removable metal crossbars and holds both hips in 45° of abduction and 15°o f internal rotation, with 10° of flexion in the knees and 20°p lantar flexion at the ankles to relax the gastrocnemei (Fig.  2) . The patients can stand and move about using bilateral crutches. This device provides good containment; removal of the crossbars allows passive exercises which are routinely performed twice daily for both hips.
At both centres all children were followed up both clinically and by radiography every three months. The orthosis or cast was discarded when reossification was seen in the anterolateral region of the head of the femur and acceptable congruity with the acetabulum confirmed.
Bilateral involvement was classified into three groups as follows: 1) patients in whom the contralateral hip was already involved at initial examination; 2) those whose opposite normal hip became involved between the application and removal of the orthosis or cast; and 3) those in whom the opposite hip developed Perthes' disease after removal of the cast or brace.
The time of initial involvement was determined by the onset of continuous pain in the hip or limping and the interval between the involvement of both sides was recorded. The incidence of bilateral involvement in each group was compared with each other and with other results reported in the literature.
RESULTS
Of the children treated in a unilateral SPOC brace, 11 (11.2%) had bilateral involvement (Table II) , of whom four (4.1%) were already affected on both sides when first A patient with Perthes' disease in a SPOC brace. This has a durable steel hinge with a smooth bearing and holds the affected side of the hip in abduction and flexion with external rotation.
Fig. 2
Patients with unilateral Perthes' disease in the modified abduction cast which has two removable metal crossbars and holds both hips in abduction and internal rotation. examined (group I). In six patients (6.1%) the contralateral normal hip subsequently became involved during treatment (group 2), after an average time 15 months (11 to 23). The average period of use of the brace until this was found was seven months (1 to 11).
A six-year-old boy with a history of pain in the right hip for two months was treated by the brace for 12 months. He developed involvement of the opposite hip nine months after the brace had been removed (group 3). The average interval until bilateral involvement in the seven children in groups 2 and 3 was 16 months (11 to 23).
Of those treated by a modified abduction cast five (4.5%) had bilateral involvement at the initial examination, but no other child in this group later developed an abnormality of the contralateral side. Statistical analysis. There was no significant difference in the distribution of background factors in the patients treated consecutively (Table I) , although the duration of immobilisation in the unilateral SPOC brace (13.5 ± 3.9 months; range 5 to 25) was significantly longer than that in the modified abduction cast (9.9 ± 3.3 months; range 4 to 25; p < 0.01). Analysis of the time of onset of bilateral involvement is shown in Table II . The frequency of bilateral involvement did not differ significantly in the two methods of treatment in group-1 patients but did so in group 2 (p = 0.0098 <0.05).
The incidence of bilateral involvement throughout the course of the disease was compared with that reported in the last 30 years (Table III) . In our patients treated in the modified abduction cast it was significantly lower than in all reported results except for those of Kemp Kobe by the abduction cast (p = 0.028). The results reported by Petrie and Bitenc 2 showed that, overall, 13.3% of their patients had bilateral changes, but none developed Perthes' disease on the opposite side when treated by the Petrie-type cast.
DISCUSSION
In 1971 Petrie and Bitenc 2 considered that the unaffected femoral head never developed Perthes' disease in children treated by the abduction method. There is no previous detailed statistical analysis of this problem, but we were able to compare the effect of different positions of the unaffected hips during treatment. None of our patients progressed to bilateral involvement after the application of the modified abduction cast. This suggests that the occurrence of Perthes' disease may not be related to weightbearing but to the distribution of weight on the femoral head in various positions of the hip. An increase in the intracapsular pressure in Perthes' disease has been thought to produce deficiency in the circulation in the femoral head. Eckerwall et al 13 and
Wingstrand et al 14 suggested that effusion and the position of the hip could cause a critical situation. Vegter and Lubsen 15 showed that elevation of the intra-articular pressure in the hip could be achieved by internal rotation with a mean pressure of 7.7 kPa in extension and neutral rotation and 36.5 kPa in extension and internal rotation. The results of continuous elevation of the intra-articular pressure by internal rotation are not known, but our patients who were subjected to an increase in pressure in the abduction cast showed a lower incidence of Perthes' changes. The anterolateral region of the femoral head is always involved in Perthes' disease. From observation of spontaneously hypertensive rats, in which the clinical course resembles Perthes' disease, Iwasaki et al 16, 17 concluded that mechanical stress on the femoral head caused the breakdown of cartilage and subsequent interruption of the vessels to the epiphysis in the lateral region of the femoral head. Rab et al 18 demonstrated by a comparative study using the Scottish Rite orthosis that sufficient containment of this region was achieved by an abduction cast. Our results and those of Petrie and Bitenc 2 suggest that an abduction cast can provide sufficient containment of the anterolateral region of the femoral head and prevent the subsequent occurrence of the disease on the contralateral side. Sakai et al 19 showed that bilateral involvement usually developed within two years of unilateral onset. In our patients, the average interval to bilateral involvement was 16 months and the longest 23 months. We had only one contralateral hip which developed osteonecrotic change after discontinuing treatment with the unilateral-type orthosis. The application of a modified abduction cast for approximately ten months may be sufficient to prevent the subsequent contralateral changes, since patients with Perthes' disease may have a restricted term of vulnerability in the femoral head. Although larger series and completely randomised studies are needed, our results suggest that the onset of Perthes' disease may be associated with insufficient containment of a femoral head which is particularly vulnerable during a limited period.
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